Aims. We study the links possibly existing between the lithium content of bright giant stars and their rotational velocity. Methods. We performed a spectral analysis of 145 bright giant stars (luminosity class II) spanning the spectral range from F3 to K5. All these stars have homogeneous rotational velocity measurements available in the literature. Results. For all the stars of the sample, we provide consistent lithium abundances (A Li ), effective temperatures (T eff ), projected rotational velocity (v sin i), mean metallicity ([Fe/H]), stellar mass, and an indication of the stellar multiplicity. The gradual decrease in lithium abundance with T eff is confirmed for bright giant stars, and it points to a dilution factor that is at least as significant as in giant stars. From the F to K spectral types, the A Li spans at least three orders of magnitude, reflecting the effects of stellar mass and evolution on dilution. Conclusions. We find that the behavior of A Li as a function of v sin i in bright giant stars presents the same trend as is observed in giants and subgiants: stars with high A Li are moderate or fast rotators, while stars with low A Li show a wide range of v sin i values.
Introduction
Lithium is a key element in the study of the chemical evolution of the Galaxy, as well as in understanding the evolutionary history of stars, due particularly to its role as an important diagnostic of internal stellar mixing. In recent years, there has been a tremendous upsurge in the observational study of the stellar lithium line at 6707.81 Å in field stars at different regions in the Hertzsprung Russel diagram. The behavior of Li abundances as a function of effective temperature is now well-established for both subgiant stars (De Medeiros et al. 1997; Lèbre et al. 1999; Randich et al. 2000; Mallik et al. 2003 ) and giant stars (Brown et al. 1989; Wallerstein et al. 1994; De Medeiros et al. 2000; de Laverny et al. 2003) .
These studies have shown, in the broadest sense, two clear distinct features in the distribution of Li abundances (A Li ) along the spectral regions F, G, and K. Single subgiants and giants bluer than the ones of the spectral types F8 and G0, respectively, present a wide dispersion in A Li from about null Based on observations collected at ESO, La Silla, Chile, and at the Observatoire de Haute Provence, France, operated by the Centre National de la Recherche Scientifique (CNRS). Table 1 is only available in electronic form at http://www.edpsciences.org detection to the current interstellar medium and meteoritic observed value of about 3.2 dex. After a sudden decline around the referred spectral types, the abundances of lithium progressively decrease with effective temperatures once the stars evolve along the spectral types G to K. Qualitatively, such behavior reflects the dilution of surface lithium by convective mixing as a consequence of the development of the convective envelope toward the inner and hotter stellar regions, where Li is expected to be destroyed rapidly by (p, α) reactions at temperatures >2.4 × 10 6 K. Thus, subgiant and giant stars evolving into the G and K spectral types are expected to have low lithium abundances. Moreover, theoretical models predict that surface lithium has to be diluted by a factor of 28 to 60 in stars of 1-9 M at the bottom of the red giant branch (Iben 1965 (Iben , 1966a (Iben ,b, 1967 .
After this stage, no additional convective dilution should occur. Nevertheless, the observational behavior of A Li shows that the dilution factor is far more important than the standard theoretical predictions, with values as high as 1000 within the giant region (Brown et al. 1989; De Medeiros et al. 2000) . This fact points to additional mixing mechanisms operating in evolved stars. From different studies (e.g.: Brown et al. 1989; Fekel & Balachandran 1993; Drake et al. 2002) there is now a growing list in the literature of single G-and K-type giant stars that violate this general rule, exhibiting A Li far in excess of the predicted values. The root-cause for such unexpected behavior is not understood clearly.
In addition to the behavior of lithium versus effective temperature, the relationship between A Li and the rotational velocity in subgiant and giant stars has been studied by different authors (Wallerstein et al. 1994; De Medeiros et al. 1997 do Nascimento et al. 2000 do Nascimento et al. , 2003 de Laverny et al. 2003; Mallik et al. 2003) . In spite of the fact that fast rotators present enhanced lithium content, the connection rotationlithium seems to be more complex and to depend on different stellar parameters. Slow rotators, e.g. typically giants and subgiants with v sin i lower than about 10.0 km s −1 , show a wide range of A Li values with at least 3 mag of dispersion do Nascimento et al. 2003; de Laverny et al. 2003) . Such dispersion apparently depends on stellar mass .
For stars of higher luminosity classes, namely for bright giants and supergiants, previous investigations of the behavior of lithium and its connection to rotation have been hampered by the paucity of data. Luck & Wepfer (1995) have analyzed the behavior of A Li for a sample of 38 field bright giants of spectral types F, G and K. In spite of the limitation of their sample composed of 13 F-type, 22 G-type, and 3 K0 bright giants, these authors have observed, for this luminosity class, the well-known gradual decrease in A Li with effective temperature established for other luminosity classes. Luck & Wepfer (1995) have also found that Li depletions for bright giants are more severe than theoretical predictions with a dilution factor between 100 and 1000.
With the main goal of settling the question of the behavior of lithium and its connection to rotation in evolved intermediary-mass stars, we here present a spectroscopic study of the lithium line at 6707.81 Å for a large sample of bright giants with spectral types from middle F to middle K. For all these stars, precise radial and rotational velocity measurements (v rad and v sin i) are available from De Medeiros & Mayor (1999) . The combination of our spectroscopic data with these v sin i measurements allows an unprecedented analysis of the connection rotation-lithium for intermediate-mass bright giant stars. Furthermore, this set of data (A Li and v sin i measurements) is used for the study of possible links to the other properties of bright giant stars, such as metallicity, stellar mass, and binarity. In the next section (Sect. 2) we present our program sample and the spectroscopic observations we have collected. Section 3 describes the chemical analysis performed on our 145 bright giants in order to derive their stellar parameters and Li abundances. The main conclusions on the Li behavior along rotational velocity, effective temperature, indication of binarity, and stellar evolution are finally drawn in the last section (Sect. 4).
Data description

The working sample
For the present study, we composed our observational sample from a selection of 145 F, G and K bright giants in the catalog of rotational and radial velocities by De Medeiros & Mayor (1999) . Let us recall that this work compiles precise rotational velocity v sin i and signatures of either single or binary behavior for a large and homogeneous sample of about 430 bright giants. The rotational velocities measured by these authors have an uncertainty of about 2.0 km s −1 for stars with a v sin i lower than about 30.0 km s −1 . For faster rotators, the estimations indicate an uncertainty of about 10% on the measurements of v sin i.
Stars in our observational sample were selected to cover the spectral range from F3 to K5 in the luminosity class II. Such a selection ensures that we can focus on 3 regions: (i) the region where bright giants present a broad range in values of rotational velocity (the F-type stars), (ii) the region of the discontinuity in rotation (the late F-type/early G-type stars), and (iii) the region of the slow rotators (the G-and K-type stars). Table 1 lists the 145 program stars in order of increasing HD number, with the respective projected rotational velocity v sin i from De Medeiros & Mayor (1999) and the stellar parameters derived from the spectroscopic study (see next section).
Spectroscopic observations
The data were acquired during three observational runs in August 1997, February 1998, and July 2003 for northern stars, and in November 1997 for southern stars. We used three different telescopes and instrumentations to observe the spectral region around the lithium line at 6707.81 Å. For northern stars, high-resolution spectra of the lithium region were acquired with the AURELIE spectrograph (Gillet et al. 1994) mounted at the 1.52 m telescope of the Observatoire de Haute Provence (OHP, France). The spectrograph used a cooled 2048-photodiode detector forming a 13 µm pixel linear array. A grating with 1800 lines/mm was used, giving a mean dispersion of 4.7 Å/mm and a resolving power around 45 000 (at 6707 Å). For this instrument and the selected set-up, the spectral coverage was about 120 Å. The signal-to-noise ratio was always better than 50. In July 2003, complementary spectra (mainly of F type bright giant stars) were collected with the ELODIE spectrograph mounted at the 1.93 m telescope of the OHP (Baranne et al. 1996) . Very similar instrumental conditions were used (resolving power of 42 000 and signal-to-noise ratio better that 50).
For southern stars, high-resolution spectra were acquired with the Coudé Echelle Spectrometer (CES) in the long camera mode (Kapper & Pasquini 1996) , mounted at the 1.44 m CAT telescope, at La Silla, ESO. An RCA high resolution CCD with 640 × 1024 pixels was used as the detector with a pixel size of 15 × 15 µm. The dispersion was around 1.9 Å/mm and the resolving power was about 95 000 (at 6707 Å). The spectral coverage for this instrument was about 70 Å and the signal-tonoise ratio was always better than 80.
For all the observational runs, thorium lamps were observed before and after each stellar observation for wavelength calibration, whereas 3 series of flat-field using an internal lamp of tungsten were obtained during each night of observation. Flat-field corrections and wavelength calibrations were performed using the MIDAS package.
Stellar parameters and lithium abundances
Adopted methodology
For our present spectroscopic analysis and in order to stay consistent with our previous works, we derived LTE lithium abundances (A Li ) from the resonance line at 6707 Å using the spectrum synthesis method (see Lèbre et al. 1999; and Jasniewicz et al. 1999 , for more details). To compute the most appropriate synthetic spectra to fit the observations, a first guess for the stellar parameters of our list of bright giants was estimated. We thus looked into the literature to find effective temperatures (T eff ), gravities (log g), and often metallicities ([Fe/H]), mainly in Cayrel de Strobel et al. (2001) , in Allende Prieto & Lambert (1999) , and in Alonso et al. (1999) . For sample stars without any published stellar parameters, we first estimated T eff from (B − V) color index (Flower 1996) and set log g = 2.0, a microtuburlence velocity of 2 km s −1 and [Fe/H] = 0.0, those values being commonly adopted for Pop. I giant stars.
Synthetic spectra were then computed from these stellar parameters and with v sin i from De Medeiros & Mayor (1999) . We used the same line list and model atmospheres as described in Lèbre et al. (1999) and in Jasniewicz et al. (1999) . The stellar parameters of all the bright giants (mainly T eff , [Fe/H], and log g) were then corrected, when necessary, in order to improve the fit quality of the several Fe I and other metallic lines found in the observed spectral range (∼120 Å) centered on the Li line feature. The final adopted stellar parameters and the derived Li abundances are presented in Table 1 (online material) for all the stars of our sample. For four selected stars, in Fig. 1 , we present their spectra in the Li region (observation and the best fit as synthetic spectrum). Luck & Wepfer (1995) . While for these stars our measured values are listed in Table 1 , the present table displays the atmospheric parameters and Li abundances (A Li ) spectroscopically derived by Luck & Wepfer (1995) . The differences in T eff (∆T eff ) and in A Li (∆A Li ) present rms of 100 K and 0.35 dex, respectively. No value (-) in the column ∆A Li means that we derived upper limit in A Li in agreement with the value reported in Luck & Wepfer (1995 As already discussed by Lèbre et al. (1999) , the major source of uncertainty for this abundance analysis comes from errors in the determination of the T eff . We estimated that effective temperatures, issued from synthetic spectra, were derived with a smaller uncertainty than ±200 K. This leads to an error of less than 0.2 dex on the derived metallicities and lithium abundances.
Comparison of our measured A Li to previous studies
There is up to now only one study in the literature that is fully devoted to lithium abundances in intermediate-mass, evolved stars including bright giants (Luck & Wepfer 1995) . Nevertheless, this study is based on a limited sample of 38 bright giant stars. Fundamental parameters and A Li values were derived by these authors following a synthesis procedure based on MARCS models, then comparable to the procedure we have adopted here. Hence we present a comparison of the derived parameters for 18 stars common to both programs. As shown in Table 2 our data agree rather well with those from Luck & Wepfer (1995) , considering the error bars in both works. In this context, both data sets ideally complement each other from the blue to the red spectral regions. The difference in T eff computed for the 18 stars presents a rms of 100 K. Luck & Wepfer (1995) . They clearly failed to match our own observations and their Li feature, mainly due to a deficiency of the line broadening in the synthetic spectra. Thus we feel more confident of our own determination of atmospheric parameters and A Li (as presented in Table 1 ).
Results and discussion
In addition to the unprecedented list of precise lithium abundances for 145 bright giant stars along the spectral range F, G, and K, the present work offers a unique possibility to study the lithium content in intermediate-mass, evolved stars of population I and its link with relevant stellar parameters.
Lithium abundance versus effective temperature
For the analysis of A Li as a function of effective temperature, we followed two different approaches: the standard one on the basis of the A Li versus T eff plan, and a second one based on the position of stars in the HR diagram. The latter is clearly more solid, giving the behavior of A Li versus T eff as a function of mass. Figure 2 shows lithium abundances as a function of effective temperature for the bright giant stars of our sample (represented by circles and by triangles for upper limit measurements). In this figure (and also in subsequent ones) open symbols stand for single stars, whereas filled symbols indicate binaries (or stars with variability in radial velocity). The gradual decrease in lithium abundance with effective temperature for bright giant stars is solidly defined in Fig. 2 , perhaps pointing to a dilution factor at least as important as in giants. Following the same trend observed in giant stars De Laverny et al. 2003) , Fig. 2 shows that at a given effective temperature, all along the F to K spectral types, the A Li spans about three orders of magnitude or more, reflecting the effects of the evolutionary stage and stellar mass on dilution (e.g.: Lambert et al. 1980; Brown et al. 1989) . These features are clearly observed in Fig. 3 , where mass and evolutionary effects are taken into consideration (see next section). The absence of stars in the T eff interval from 5500 K to 6500 K corresponds to the Hertzsprung gap.
Lithium abundance in the T eff -luminosity diagram
We turn now to the analysis of the A Li behavior in the T eff versus luminosity diagram. To infer the evolutionary status of our sample stars, their absolute magnitudes were first calculated from V magnitudes and parallaxes given in the Hipparcos catalog (Perryman et al. 1997 ) available at SIMBAD/CDS. Then the stellar luminosities were derived from these absolute magnitudes using a bolometric correction (BC) interpolated between giants and supergiants as described in Flower (1996) . We used evolutionary tracks at solar metallicity and mass range between 1.5 to 9 M , taken from grids of stellar models provided by Schaller et al. (1992) . Hence the mass of each bright giant can be estimated with respect to these theoretical evolutionary tracks. Note that 6 stars listed in Table 1 , but without available HIPPARCOS parallaxes, have been excluded from these diagrams in order to ensure consistency in the estimation of the evolutionary status of the largest part of our sample. Figures 3 and 4 display such HR diagrams, indicating the lithium abundances and rotational velocity, respectively, where the effects of mass and evolution can be outlined. In these figures the symbol sizes are proportional to the values of relevant parameters, respectively A Li and v sin i. The location of the turn-off is indicated with a dotted line, while the location of the bottom of the red giant branch is indicated with a dashed line. From these figures a first important feature of the evolutionary status of the present sample should be underlined: the large majority of our sample stars is located in the mass range expected for bright giants, which have masses from about 2.5 M to 9 M , although a few stars are found with smaller masses than about 2 M . Although these objects are classified in the literature as bright giants, they are clearly rather evolving around the turn-off or at the main sequence. Another important point concerns the evolutionary status of the bright giants, namely those stars with masses larger than about 2.5 M : stars with effective temperature smaller than about 5000 K (or log(T eff ) < 3.7) may be found on different evolutionary stages, evolving either in the first crossing on the giant branch or evolving along blue-loops. From Fig. 3 , we notice that the low mass stars (namely stars with M < 2 M ), present the expected behavior for their A li : stars located in the F spectral region (those around the turn-off) show a wide range in A li , from about the cosmic value A Li ∼ 3.2, to abundances lower than 0.0., whereas stars along the G to K spectral range, except for a very few A Li moderate values, present essentially low lithium content. For typical bright giants (i.e., stars in the mass range 2.5 M to 9 M ), the A Li behavior follows -at least qualitatively -the same feature as has already been observed for giant and subgiant stars De Laverny et al. 2003; do Nascimento et al. 2000) . There is indeed a trend to a large range of A Li values among stars located on the blue side of the Hertzsprung gap, while the large majority of stars on the red side (namely in the G to K spectral regions) presents essentially low Li abundances. Moreover, in this latter spectral region, single and binary stars seem to follow the same behavior. Brown et al. (1989) have shown that giant stars with average masses around 1.2 M have average A Li < 0.0, corresponding to 1.5 dex less than abundances predicted by standard theory. The present work shows the same striking feature among giant stars with larger masses than about 2 M . Indeed ∼70% of our sample stars show A Li < 0.4, and ∼40% even show A Li < 0.0. Following the similar analysis undertaken by Brown et al. (1989) , we found that Li abundance correlates poorly with the mass of bright giant stars.
Despite these clear results, determination of the Li dilution factor for the bright giant stars is not an evident task. As we have underlined, stars with effective temperature that is smaller than about 5000 K are in different evolutionary stages, even if they have well-developed convective envelopes. As shown by different authors (e.g.: do Nascimento et al. 2003) after the F-late type spectral region, corresponding to effective temperatures that are smaller than about 5000 K, the development in mass of the convective envelope arises very rapidly. For the stars evolving on the first crossing, convective dilution associated with some extra-mixing process is expected to represent the main root-cause to explain the observed low A Li abundances. Nevertheless, for stars evolving on the blueloops one may expect a more complex status. Certainly, these stars have experienced mixing, even quite deeply, and their primordial surface Li content should be as diluted so as in stars on the first crossing or more. In addition, mass-loss in stars evolving along the loops is expected to be more severe than in giants on the first crossing. This process should also play a role in the increase of Li content at the stellar surface. In this context, the Li dilution factor strongly depends on the evolutionary status of the stars.
However an additional interesting point in the present survey is the apparent lack of lithium-rich bright giant stars, typically single late G-and K-type stars with A Li as large as the cosmic lithium abundance value. In spite of this fact, few bright giants present a moderate content of lithium. Two binaries, HD 34579 and HD 77996, and two single stars, HD 41927 and HD 98217, are all low rotators and, in the spectral type range G8II to K2II, show slightly enhanced Li content, with A Li ∼ 1.5 dex.
Lithium abundance versus rotational velocity
For bright giants, the distribution of their v sin i values as a function of effective temperature presents a sudden discontinuity around T eff ∼ 5200 K, corresponding to the spectral type around F9II (De Medeiros 1989). In Fig. 4 , this feature is again clearly observed for our sample of stars. Indeed, binary and single stars that are hotter than ∼5200 K show a wide range of rotational velocity, with v sin i ranging from low to moderate and to high rotators, while on the cooler side of the discontinuity, except for a few moderate rotators with v sin i between 10 and 20 km s −1 , single and binary stars present essentially low v sin i (v sin i < 10 km s −1 ).
Finally, Fig. 5 shows the behavior of A Li as a function of v sin i. For the first time, it is then possible to establish this behavior on a large sample of bright giants with homogeneous and high precision v sin i measurements. Indeed, we have strictly limited the representation of Fig. 5 to our program stars in order to ensure the homogeneity of the displayed data: v sin i values from CORAVEL measurements and A Li determinations from our present spectroscopic study. The same trend already observed for giant and subgiant stars De Laverny et al. 2003; do Nascimento et al. 2000 ) is present here: stars with high A Li (A Li > 2.0 dex) are moderate or fast rotators (v sin i > 10 km s −1 ), whereas for low A Li there is a large spread in the values of v sin i. Nevertheless, two fast rotators, HD 161149 and HD 168393 seem to stand out of such a trend, presenting rather low Li content. These stars appear to have no particularity, except the fact that, in the context of the present sample, they are rather low mass stars evolving near the turnoff.
Conclusions
In this work, we present an unprecedented list of precise stellar parameters and lithium abundances for 145 bright stars ranging along the spectral types F, G, and K, the large majority of them genuine bright giants, inferred from spectroscopic analysis based on MARCS models. This study of lithium content in intermediate-mass, evolved stars of Population I (i.e., with stellar mass ranging from 2.5 M to 9 M ) complements the only work ever produced on bright giants (Luck & Wepfer 1995) and also similar studies devoted to lower luminosity class stars: subgiants (Lèbre et al. 1999; do Nascimento et al. 2000) and giants De Laverny et al. 2003) .
Considering the behavior of A Li as a function of effective temperature, the gradual decrease in lithium abundance with effective temperature is again well-established for bright giant stars, pointing to a dilution factor that is at least as important as in giants. This behavior follows the same trend already observed in giant and subgiant stars: at a given effective temperature, all along the F to K spectral types, the A Li spans at least three orders of magnitude, reflecting the effects of evolutionary status and stellar mass on dilution.
For single stars, as well as for binaries, there is also a large dispersion on A Li values for stars located on the blue side of the Hertzsprung gap, while almost all the stars located on the red side (G to K spectral type range) present low Li abundances. This behavior follows the one found in previous works for giants of smaller stellar masses. We show here that bright giant stars with larger masses than about 2.0 M have A Li < 0.0, corresponding to at least 1.5 dex less than abundances predicted by standard theory. We also found that Li abundance correlates poorly with the mass of bright giant stars. While our survey points to an apparent lack of lithium-rich stars (typically single late G-and K-type stars, with A Li as large as the cosmic value), we detected, however, four genuine bright giants (low rotators and in the spectral type range G8II to K2II), showing enhanced Li content (with A Li ∼ 1.5 dex).
Considering the behavior of A Li as a function of rotational velocity, we find the same trend for our sample of bright giants that has already been observed for giant and subgiant stars: stars with high A Li are moderate or fast rotators, while stars with low A Li present a large spread in the values of v sin i.
Finally, the present work indicates that some related observational programs should be undertaken in order to have a more solid understanding of the Li behavior in evolved stars from low to intermediate masses. First, the determination of Li abundances for a large sample of stars evolving at and immediately after the turn-off -in particular for intermediate mass starswill help us quantify the level of Li content in stars leaving the main sequence. Secondly, the determination of Li content in G and K supergiants is also welcome, because it will be possible to enlarge the present available sample of evolved stars. Thirdly, the determination of carbon isotope ratios in G and K giant and bright giant stars is an additional required step, since this ratio is a very sensitive diagnostic of stellar evolution. All these data are of fundamental importance for further understanding the Li dilution once stars of low to intermediate masses leave the main sequence and begin the ascent to the red giant branch. 
